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Summary Process Description of Proposed Remedial
Alternatives for a Cleanup of Pit 9 at the INEl

Radioactive Waste Management Complex tne I8kl
INTROBUCTION

The purpose of this engineering design file {EDF)} is to provide a more
detailed description of Alternative 4, identified as the preferred remedial
alternative in the Revised Proposed Plan for a Cleanup of Pit 9 at the
Radioactive Waste Management Complex, Idaho National Engineering Laboratory,

and to hwwn;1y avaluate the tachnical parformance of the ?raFnrwad altarnative

against the other remedial alternatives listed in the proposed plan.

The Environmental Protection Agency, the Idaho Depariment of Health and
Welfare, and the Department of Energy (hersafter referred to as the agencies)
have designated Pit 9 as operable unit 7-10 in Waste Area Group (WAG} 7 in the
Idaho National Engineering Laboratory (INEL) Federal Faciiity
Agreement/Consent Qrder. After conducting a screening of the existing .
remedial technologies which could be used to clean up a mixed waste site such

as Pit g, tha Agnnﬁwac determined 2 combination of +arhnn}ng1a¢ ﬁnnc1c+1ng of

physical separation, chemical extraction and stabilization processes would
result in the best overall protection of human health and the environmeni at
Pit 9. In the revised proposed plan, this combination of technologies is
described under Alternative 4, the preferred alternative.

Five alternatives are evaluated in the revised proposed plan: Alternative 1 -
No Actian, Alternative 2 - In-Situ Vitrification, Alternative 3 - Ex-Situ
Vitrification, Alternative 4 - Physical Separation/Chemical

fxt;actz~n/$tab1112=t1ﬂr Process, and Alternative 5 - Compleie Removal,

Storage, and Off-Site Disposal.

Background

Pit 9 is Tlocated in the northeast corner of the Subsurface Disposal Area (SDA)
at the RWMC. Waste was placed in Pit 9 at the SDA from November 1967 to June
1969. It presently has an overburden that averages about & ft thick. There
is approx1mate1y 250,000 ft> of overburden, 150,000 ft* of packaged waste, and
350,000 ft° of soil between and below the buried waste at the time of Pit 9

uluau:c The depth of the pit from ground surface to bedrock is approximately

17.5 ft and the horizontal dimensions are approxmmate]y 127 ft by 379 ft.

The inventory of wastes buried within Pit 9 was estimated from available
shipping records and the Radicactive Waste Management Information System
(RWMIS). The waste within Pit 9 is primarily transuranic waste generated at
the Rocky Flats Plant and additional wastes {primarily JTow- 1eve1 waste) from
waste generators located at the INEL. Approximately 110,000 ft> of waste

buried in Pit 9 was generated at the Rocky Flats Plant, and consisted of drums
of o1ndne [cantaminated with 2 mixture of transuranic and m"n:m'lr c.n'lvpn'l'q\

\\.ullhunllnuhcu il

drums of assorted solid waste, and cardboard boxes conta1n1ng empty
contaminated drums. There were approximately 4,000 drums; 2,500 boxes
(approximately 1,500 contained empty contam1nated drums), -and 80 unspecified
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containers of waste buried within Pit 9. In general, the boxes were disposed
at the north end of the pit, and the drums were dumped in the south end,
although intermixing of containers in the pit did occur due to flooding in
1969.

Overall Cleanup Scope

The Pit 9 remedial action would consist of the following three nhases should
the preferred alternative be implemented: a proof-of-process (POP), a limited
production test (LPT), and final remediation. The test phases would be
performed within the interim action for Pit 9 prior to full-scale remediation
to confirm treatment standards can be mef and identify the most cost effective
technique, or combination of techniques, that wiil be utilized in ihe remedial
design. The POP phase would require extensive demonstration of critical
aspects of the process to prove that innovative technology from the proposed
processes would be effective in the protection of worker and public health and
safety, and in the remediation of Pit 9.

The data generated in the POP test would be used to identify the remedial
process that performs best on the Pit 9 waste types. The POP phase would test
critical aspects of the processes to prove that they would be effective in
treating the americium and piutonium, as well as other hazardous constituents
located within Pit 9. In general, the POP test would be used to evaluate the
following aspects of the processes under consideration:

the ability of the chemical separation process{s} to pérform as an
integrated system at pilot or engineering scale for a minimum of 100
hours of unit operation on the schedule which would be used for actual

Pit 9 remediation.

the thermal stabilization system and associated off-gas exhaust system

for the ability to operate a minimum of 100 hours on the schedule which
would be used for actual Pit 9 remediation using a minimum feed rate of
300 to 500 1bs/hr.

The LPT phase would demonstrate that all integrated systems function as
proposed to give a high degree of confidence that all systems are reliable
before full-scale remediation would begin. The LPT phase would involve the
same processes, area, and impacts as the remediation phase, but on a smaller
test scale. If the goals of the Timited production test are not met, the
remedy would not be used on Pit 9.

DESCRIPTION OF THE PREFERRED TECHNOLOGIES

In November 1991 a request for proposals was released to industry to obtain
subcontractor proposals for a cleanup of Pit 9. In response to the request,
two suitable subcontractor proposals were received. The two proposals
consisted of unique combinations of chemical extraction, physical separation,
and stabilization technologies. In the revised proposed plan, the description
of Alternative 4 consists of a combination of the chemical extraction,
physical separation, and stabilization technologies included in the two
subcontractor proposals. Due to the way these processes are described in the

proposed plan, their similarities and differences may not be obvious. In this
EDF the two nrocesses are described senarately so they can be more easily

uuuuuuu i A R e o w— == LT i) =22 LUk



compared. The following section consists of detailed summaries of the two
remedial processes that were dagcribad in the raviged prﬂposed p]al as
Alternative 4

Alternative 4 - Subcontractor #! Process

Retrieval /Seqregation System

Under this approach, hazardous substances would be retrieved in a fixed,
concrete, double-contained structure under negative pressure which is built
over the entire Pit at the start of the project. The pit would be worked
using remotely operated excavating equipment which is enclosed in a curtained
area to separate the excavation area from the rest of the pit. The curtain
area ventilation enclosure would confine contaminated dust and the buildup of
volatile organic contaminants at the dig site. The excavator {and associated
manipulating eguipment) would perform an initial segregation of waste
materials in the pit into the following five waste sireams: combustibles
(paper, plastics, and rags), wood, drums and metals, soil and sludge, and non-
soils and large items. This initial segregation would simplify the overall
material handling and processing systems downstream.

A dig face radiation monitor would be used to make a agross radicactivity Tevel
assessment of the waste at the dig face during excavation activities. The
radiation monitor would have sufficient mobility to allow placement within a
few inches of any area of the dig face. The readings would determine how the
material would be handled as it is excavated. In the event that readings are
high, the material would be mixed with scoops of lower reading material. In
this way, the overall treatability of the material would be enhanced.

Following initial segregation, wastes are placed in specialized, color-coded
tram containers which then enter the waste transport system wh1ch includes a
conveyer system for transporting the trams to the material handling facility
from the dig site. Additional retrieval system process equipment include a
compactor to compact drums, a specialized grapple to pick up drums and drum
remnants, and teleoperated manipulators to provide waste handling and
segregation tasks in the pit such as cutting and drilling.

Once wastes arrive in the material handling facility they are segregated
{using remotely controlled equipment) into separate waste streams at multiple
handling stations. Operations performed include:

- Segregation of the waste for processing or storage

- Size-segregation of the soil and sludge wastes (to less than Z inches)
for processing in the treatment system described below

+ Delivery of treatable soils to the processing facility for treatment
- Compaction of appropriate waste to minimize volume
- Shredding and sizing of large items and combustibles (including wood,

metals, rags, paper and plastic) prior to decontamination in a
specialized washing process



Materials contaminated with polychlorinated biphenyls (PCBs) will be
segregated and accumulated until a sufficient volume is collected to permit

cost effective treatment. The PCBs will then be destroyed in a proprietary

%echTorination pracess which chemically converts the PCBs to a non-hazardous
orm.

Treatment System

Waste materials which are less than 2 inches in size (including contaminated
soil, sludge, and non-soil wastas) would be sent to the treatment system for
processing. The proposed treatment involves three principal subsystems. The
extraction subsystem includes a proprietary carbonate/EDTA chemical leach
system for removal of actinides {piutonium and americium) and heavy metals
from the soil. Dissolution effectiveness is affected by soil size, feed
makeup and contact time. This subsystem also includes & surfactant-enhanced
soil wash system for organics removal. The primary function of the extraction
susbsystem wouid be to move the contaminants from a soiid to agueous phase.
Extraction system overfiows and slurries are routed to the filtration ‘
subsystem consisting of a clarifier, filter tank and filter press. Clarifier
sludges are sent to the filter tank for preparation before entering the filter
press. After processing in the filter press, the solids would be separated
from the Tiguids and a high solids (60% or greater) filter cake would be
produced. Near the end of the filtration cycle cleaned process water is used
for a final wash of the pressed cake prior to discharge. The dried solids
from the filter press should meet clean-up standards of less than 10
nanocuries per gram (nCi/g) transuranics (TRU), if not they will be recycled
for additional extraction. The filtrate from the filter press is returned to

the extraction subsystem.

Clarifier overflow, which should contain plutonium, americium, heavy metals
and organics, is sent to a final proprietary subsystem consisting of an

evaporator, a catalytic oxidizer and a scrubber/condenser. The evaporator
concentrates and volume reduces the process water (from the clarifier feed)
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into a votatiiized and non-volatilized fraction. The organics in the
volatilized fraction would be destructively oxidized resulting in a "pure”
water stream which could be reused in the process, or eventually discharged
along with some CO, gas. Off-gases from the oxidizer are wet scrubbed. The
non-volatilized fraction, referred to as "waste product", contains non-
volatile organics, concentrated salts, heavy metals and radionuciides. The
waste product would contain a solids fraction around 65% depending on the
nature of the feed. If necessary, the waste product would undergo a
stabilization process prior to packaging in drums for TRU storage. The waste
product would meet the Radicactive Waste Management Complex waste acceptance
criteria, or, in the event that the hazardous waste materials are present, the
waste product would meet Tand disposal restriction (LDR) requirements. Figure
1, on the following page, is the simplified process flow diagram for this

approach.



Pit9

Physical Separation

\J

Clean Soil

Clean Malerial

Treatment Stabilization
9 arge items * - Regli,lz(gion —» Decon
Clean
—9= Greater than 2" * — Shred
Clean Gas Scrubber
. PCB Containing — Catalvi
Material > Dechlo_rmam" ()ﬁdaaﬁo‘; > SE:'?a% o
l TGasas A
Less than 2" Chemical Evaporation Brina Spacial
{soils, sludge) > Extraclion ,_,unds Concenlration Brying
. Chemical
Solids Binding

Figure 1. Approach One Simplified Process Diagram.




Alternative 4 - Subcontractor #2 Process

Retrijeval/Segregation System

Under this remedial processs, retrieval would be performed inside a movable,
redundant containment structure with a flexible skirt and a remote
tgleoperated bridge crane system to prevent dispersion of contaminants into
the environment and to protect operators/workers from exposure to radiation,
hazardous substances and other hazards associated with excavating the pit.
Separated materials would be transported from the pit to the processing

building via an enclosed track in sealed containers on wheeled carts.

Inside the process building the containers are stockpiled awaiting processing
in an area served by a bridge crane for handling. Contaminated soil would be
separated from non-soil wastes and inventory tracking would be maintained
using codes on the containers which identify the content of fissile material
and all special handling reguirements.

Treatment System ,
Soil processing would begin with removal of volatile organic compounds (VOCs)
using a low temperature solvent extraction with triethylamine {TEA). This is
followed by gravimetric and physical removal of particulate plutonium and
americium from the coarsa soil fraction. The fine fraction which exits the
gravimetric system in the tailings would be Teached with nitric acid to
dissolve the contained plutonium and other hazardous materials. The metal
nitrates in the resultant sciution wouid be removed using a counter current
jon exchange system.

The "clean" soil would be transferred from the leach circuit after dewatering
to a rotary kiln to remove residual nitrates. Nitrate bearing liquid process
wastes would be treated by electrodialysis for recovery of nitric acid, sodium
hydroxide and cleaned water. These materials would be returned to the
process. The concentrated residues from this system would be transferred to
the plasma melter for stabilization as a cast slag. After denitrification the
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soil wouid be sampied, stockpiied uniil amaiysis verifies ciean up critevia
are met, and then.redeposited in the pit. Figure 2, on the following page,
depicts the simplified process flow for this approach.

The non-soil wastes and the residual concentrates from the soil treatment
system would be sent directly to the plasma melter which would destroy the
organics and produce a virtually non-leachable cast slag that immobilizes both
the heavy metals and transuranics. To prevent the possibility of plutonium
release with the process off-gases, the melter would be equipped with an
emissions control system that employs high temperature cross flow sintered
metal or ceramic filters to capture plutonium particles after condensation,
scrubbers to abate acid gases, and HEPA filters. A1l of the plant emissions
would meet the requirements of the Clean Air Act. A final radicactive/non
radioactive sort would then be made on the plasma furnace slag to determine

whether to return it to Pit 9 or to store it as a transuranic waste.
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TREATMENT STANDARDS

The criteria for residuals returned to Pit 9, or for waste to be left in place
in the pit, would reduce concentration of contaminants based on the following
performance criteria {as appropriate): 1) a current industrial scenario of
<10™* for carcinogenic risk or <l hazard index for noncarcinogenic health

SEfamdkas nm M) masks | DD :
effects; or 2) meets LDR reguirements.

Treatment standards for the contaminants in Pit 9 would be: 1} average
concentrations of transuranic isotopes in residuals (i.e., treated waste
streams) being returned to Pit 9 would be <10 nCi/g; and 2) wastes and/or
materials in Pit 9 containing > 10 nCi/g transuranics wouid be treated to
reduce the volume by >90% (in addition to meeting the treatment standard in 1
above) prior to returning to the pit; and 3) for materials being treated and
returned to Pit 9, all applicable ARARs (including LDRs) would be met.

In summary, many of the processes described have been demonstrated in field
operations, some of which have been used to remediate similar radiologically-

contaminated sites; therefore, it is expected that the treatment standards
described above would be attainable should a chemical extraction/physical
separation/stabilization process be employed to clean up Pit 9. Following
remediation activities, contaminated soils that are treated to remove TRU and
other contamination will be returned to Pit 9 and the pit backfilled to above
grade and sloped to encourage drainage away from the pit.

In addition to Alternative 4 described above, the Agencies also evaluated the
following technologies to perform the Pit 9 cleanup: in-situ vitrification
(Alternative 2), ex-situ vitrification (Alternative 3), and complete removal,
storage, and off-site disposal (Alternative 5). Each of the technologies was
evaluated against performance criteria in order to identify the remedial
process which would provide the highest degree of technical performance if
implemented for Pit 9 cleanup. The agencies determined that Alternative 4
would provide the best balance of trade-offs among the alternatives lTisted,

above.
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A1l of the technologies identified, either through treatment or removal of
contaminants, would eliminate the potential for migration of contaminants
thereby reducing the risk of exposure to the public and the environment. At
present, uncertainty exists regarding the long term effectiveness of
Alternative 2 and there are currently no off-site disposal facilities
available for treatment residuals or wastes that would be generated from

ATd cmm mde 3o a3 A amed € T 1443 §
Alternatives 3, 4, and 5. In additiom, all of the processes weuld be designed

to meet applicable or relevant and appropriate regquirements of federal and
state environmental Taws.

Long-term Effectiveness and Permanence

The physical separation and chemical extraction processes involved in the
preferred technology provide a significant reduction in the waste prior to
stabilization; therefore, Alternative 4 would result in a smailer volume of
residuals requiring long-term meonitoring than Alternatives 3 and 5. The Tong-

bim maamdbhmmch dismm i me awA ¥ 3 3
term protectiveness and permanence of Alternative 2 is not well defined at
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this time (see discussion under implementabiiity below). Alternative 5 would
not reduce the amount of contamination and would require extensive long-term
management and monitoring of the stored waste. In addition, there is a high
degree of uncertainty associated with the availability of an off-site disposal
facility that would be able to accept untreated mixed wasie.

Raduction of Toxicity, Mobility, or Volume through Treatment

o . - R W

Alternatives 2, 3, and 4 ut1laze treatment processes that achieve a reduction
in the tox1c1ty, mobility and volume of the contaminants in Pit 9. The
preferred technology adds physical/chemical treatment to the stabilization
treatment and, therefore, achieves a greater reduction in waste volume and
toxicity prior to stabilization of the reduced waste stream. Alternative 4
also results in a smaller 'volume of treatment residuals. The vitrification
tachnologies reduce toxicity, mobility, and volume but to a Tesser degree than

the preferred remedial process. The removal approach does not treat the
princinal threats and does not reduce the toxicity, mobility, or valume of the
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waste through treatment.

Short-term Effectiveness

Each of the alternatives would be implementad using available engineering
controls to protect workers and the public during implementation of the
remedy. Alternative 2 does not require excavation of the waste material but
would require significant additional study prior to full-scale remediation and
an increased time until response abjectives are achieved. Both Alternatives 3
and 4 require excavation and handling of the waste but require less study and

deve]opment priaor to full-scale remediation.

Implementability

As mentioned above, Alternative 4 invglves the use of processes that have been
demonstrated in field operations, some of which have been used fo remediate
similar radiologically-contaminated sites. As mentioned in the process
description section above, the use of the physical segregation and chemical
separation phases of the preferred remedial process increases the efficiency
of stabilization on the refined, well-characterized waste stream and also
reduces the volume of material requiring treatment. Ex-situ vitrification and
the preferred process both require additional treatability testing but do not
require the extensive technology development that would be needed to implement
in-situ vitrification on the types of waste materials found in Pit 9. An off-
site disposal facility is currently not available to accept the untreated
mixed waste that would result from removal of the wastes without treatment.

. In-situ vitrification is not well defined at this time due to uncertainties
associated with the process efficiency and difficulty in evaluating the
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effectiveness of in- s1tu vitrification on the heterogeneous wastes found in
Pit 9. Additional uncertainties exist regarding the ability to confirm
complete V1tr1f1cat10n/stab111zat1on of the pit contents. Some of the specific
difficulties with in-situ vitrification are: 1) Gases generated from
combustible materials (i.e. wood, cardboard, combustibie organic Tiquids} may
carry contaminants to the glass surface and away from the melt with the
patential for overwhelming the off-gas system; 2) Metals such as mercury or
cadmium may be undesirable because of their difficulty to incorporate into the
melt, or their reduction of product quality; 3) There exists a potential for
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contaminants to migrate into the surrounding soil preceding the melt during
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electrodes due to the presence of metais in the feed material (resulting in
incomplete vitrification). Most of the present difficulties in implementing
in-situ vitrification on Pit 9 waste materials can be overcome by pre-
treatment and segregation activities such as those conducted in the preferred
remedial process.



